METALLURGY OF STEEL.

CHAPTER XXVL
ROLLS FOR THREE-HIGH MILLS.

General Considerations.—In a three-high as in a two-high mill each
roll is usually slightly larger in diameter than the one below it. In a set of
three-high cogging rolls, with box passes, the diameter of the rolls at the
bottom of any groove increases slightly from the lower roll upwards, and if
only a moderate reduction of a heavy section is needed, the collars on each
roll mnay project about an equal distance from the body, so that they meet at
about the middle of the section of the piece being rolled, as in fig. 389; but
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Fig. 359.—Three-high Cogging Rolls.

with heavy draughts a fin would be formed by the metal squeezing out betweemn
the collars in the lower pass, and as the space between the collars of the
succeeding upper pass would coinéide with the same portion of the bar, the fin

would increase so much in the upper pass that it would spoil the billet; to:

prevent this the collars on the middle roll usually project beyond the bottom

of the groove only about hali‘as far as those on the top and bottom roll, so
that the gap between the collars oceurs at about one-third of the distance:
from the top of the piece in the lower, and one-third from the bottom in the:
upper patt, by which means any fin formed in one pass is pressed flat in the
succeeding pass, and not intensified as it would be in the first arrangement.
The rolls (fig. 390), it will be seen, are designed on this plan, and in each

case the passes are numbered in the order in which the piece passes through

them.

T the collars are so arranged
down in the succeeding one, ma
can be rolled, the whole time with the
has been made in the width of each pass

that the fins formed in one pass are pressed
terial requiring reduction in thickness only

same side upwards, provided allowance
t0 accommodate the lateral spreading
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which has necessarily taken place in the previ i
: place ous pass.
other flats are often ﬁnls}}ed in this way. PBut if wgdt; as:r zwl'lel}lﬂ::eﬂ?iaéig: :
has to be reduced, the piece must be squeezed in both directions, and th%S
necessitates turning the bar on edge. Accordingly the piece after passi -
once each way through th‘e mill with the same side up, is t{n'ned 0131 Sesc:iilflrg
and passqd th}'ough the 1’13.111 once more each way with a: fresh side u D;
80 on until finished. It will be noticed that the width of each set of P0 -
is slightly more than the thickness to which the bar had been reducetfl i O:]fs
preiiwuilpass,, otlﬁgrmse the bar would not enter the pass e,
Smaller roughing rolls, with Gothic passes for a thr e-hi i
made in a similar manner, the width of the grooves w]i?chlgalrlenillllujthn;asy .
Eg;’;lgaélr g)ls.ne bglr}g 2,11111{: in alll three rolls, but the depth in the bottoma;n()ﬁ
ater and in the fop roll less than in the middle roll i
i)eea\igzs the rolls f attte}f on one side than on the other. A(;l i;e, :goi]zleafnzlﬁi?rllﬁ
open passes there is no appreciable tendency of the pi i

to wedge itself more into one roll than into the otger, andet%fr(}: isetggerz(f)cl)lf .
no great trouble in getting the section to leave the rolls freely. Every pase;
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Fig, 390.—Three-high Billet Rolls.

formed by the grooves in ev i i
ery adjacent pair of rolls can be us
z];iiihbg,]iei ;1:;11)& oi :];e 1gﬂll'ooves is fdiﬁerant, the form of the toli) Z%dbﬁg%:ffne;
_ , or in the case of the Gothic or di d i
difference between the to ' i et T
¢ he top and bottom ‘of the bar is immaterial " Th
;ﬁ 11;:]111; iivrst ssﬁnd, reckoning from the left hand, in fig. 479, al:fz 'coitsuzzlelg
< ay, the depth of the grooves in each being different.
s n;:l sfe(;tﬁons are needed which necessitate not only the depth, but also
ki ;3 fgfrroove varying at every pass, as is usually the case with all
e szgs atg, the grooves in the middle roll cannot be used for two
- thg 4 . Eélb 31; S(e)paraiﬁf, giioove in the middle roll must be provided to
e : = : :
kno‘\?{% iR ;;)e ﬁag ! %1’:!191%’?‘31}, the passes which are missed being
high ro?ﬁ; Eilﬁlgzoozeg in the middle roll can be used twice, one stand of three-
T alton ain ag many passes as two stands in a two-high.mill, but
< gntai ernalt-e pass only can be employed, the three rolls of a three-
£ thini rnﬁ)r{) Y a8 many passes as the pair of rolls in the older form of
; oll bemng the price paid for doubling the speed of rolling.
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Closed passes consist of two collars with their « former ” bftt\}xl'eerL ?5?&
and if the passes are to Tun in regular squenge frcim fofglﬁ engl 1(; . 3;1 io -
ther. length must be provided on the barrel O er
gli?iti o?éaeh Zection, and the collars on each side of it for every ?&Sﬁ-nﬁeﬁﬁ’
one collar not serving to separate two adjacent grooves, as 1 at;iw 0- 1(11% = ; oli
This arrangement is shown in fig. 391(,l A.'thBtit 22:;1;(])11?:;?(1 : ]fe If)lther with'
t1to two parts, and pairing one end with the . ‘
gﬁel‘szgto:aorgll, one collgr can be made to serve for two adjacent p?is]fs, aslsig
fig. 391, B, with a considerable saving in the length of the bodies of the rolls;

or the centre roll may be replaced by two dis’_oin%t agglsegazi’;eciﬂg; i?)‘lllhs
mounted between its own pair of housings, as 1n 1ig, : e

being coupled up in one continuous line, s_md having a ro e
f 2 spindle running in chocks

below the centre altergl X %

i % cage is taken by a dummy, CONSISUIG _ > .

?rll ?ﬁi housings, just a)sr, a roll would do, and provided w ith coupling %oxn_:;
ec dles, as shown in the second and third stanas

and short connecting spin

s of Arranging Three-high Rolls to do the same Work,

Fig. 391, —Four Method : -
501, In some instances, the place of the dummy spindle an its 'ﬁ‘wo
ggortocoupling spindles, is taken by one long spindle, madéeb ff “iw%;%l}: ;1;:;
for the sake of lightness, as in the fourth stand In ﬁg.d' S él .tL
bearings in the housings, for supporting the spindles, are 13Eenseb with, S
These arrangements entail the disadvantage that the piece emgfwr e
must be moved laterally from one stand of rolls to the other at every pass,

i i . but for finishing
o its employment impracticable for heavy bars ; but o g
{ie lﬁe;ﬁ%i;flz ewlﬁcﬂ are ea;sﬂ}? handled, this inconvenience 1s of little conse=
q‘lgle]lt}e and as it reduces the length of the rolls, it enables heavy draughts

i i s which are much stronger when
d without fear of breaking the rolls, whic .

zﬁoﬁi }lﬁeco;nparisou to their diameter. On this account the arrangement 13
much used for mills intended to finish small sections, which cool so rapidly
that it is a matter of importance to reduce the section to the greatest extent
possible in each' pass, thus employing the fewest possible passes, and allowing
the material as little time as ﬁloss%l()llglfor T{):hng.'ve ;

Bv using the collars on the middle roll to Set
for oze pasi and closing collars for the next, each pass can be made (except

lternately as side collars
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" for the two end collars) to occupy a space on the body of the roll equal only

to the width of each pass, as shown in fig, 391, D. This arrangement, how-
ever, has the disadvantage that it necessitates
a greater difference between the diameters
of the rolls above and below the bar than is
needed to enable the bar to clear properly,
the increased scraping of the surface of the
upper of the two rolls tending to tear the
bar apart and consuming power uselessly in
the operation. It further necessitates the
axis of the middle roll not being midway
between those of the top and bottom roll,
throwing the rolls out of line with the
pinions which drive them, thus adding to
the wear of the wobblers and the risk of
breakages. For this reason it is little used,
and indeed is only applicable to rolling flats
or strips, which are thin in comparison to
the diameter of the rolls employed to form
them.

The American Three-High Mill.—
Fig. 392, A, shows a set of rolls for use ina
three-high rail mill, according to common
English practice, in which the bottom and
middle rolls are grooved to receive the rail,
while the “ closers” are on the middle and
top rolls, and the guards to peel the bars out
of the grooves rest by gravity on the bottom
and middle rolls, one on one side of the mill
and one on the other, the middle roll acting
alternately the part of a top and of a bottom
roll in an ordinary two-high mill. In the
American three-high mill (fig. 392, B) the
top and bottom rolls are grooved, and
the middle roll serves as the “ closer ™ for
each of the others, itself carrying no grooves
at all; to enable the bars to be got out of
the top groove, the upper guard must be
placed on the upper side of the bar as it
issues from the roll, and as it will not lie
there by gravity, the guard has to be kept
up to the roll by a counterweight or spring,
and is known as a balanced guard. These
are clearly shown in fig. 392, B. It will be
noticed that by this arrangement each pass
only needs to have the space for one collar
allowed on the length of the barrel, and
consequently seven passes may be got into
the same length of barrel in the American
system as will only accommodate five passes by the English plan,

In the latter arrangement the rail has to be turned over at every pass,
the head of the rail lying to the right and left hand alternately, so that the
fin formed in one pass may be rolled down in the next, but in the American

American Three-high Rail Mill,

English Three-high Rail Mill,
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nued with the same side up the whole time,
and downwards alternately, thus, of course,

mill the rolling rﬁay be conti
as the passes open upwards

economising labour in rolling. ; ek )
The inv%,rt-ed guard is looked upon with suspicion by English rollers and

i atively ravely use it, but it is generally employed
mill managers, who comparatively rarely use it, g :

ip America on all mills which do not make more than 150 revolutions per
ninute : for mills running above that speed it is not considered safe.

With hanging guards the top and bottom rolls are the same diameter, the

middle roll being larger than the other two,
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SPECIAL MILLS,

CHAPTER XXVIIL
SPECIAL MILLS.

The Dowlais or ““Double Duo” Mill.—When a piece being rolled
has to make more passes than can be contained in one pair of rolls, the mill
devised by Mr. Menelaus, of Dowlais, about 1867, will, if run at the same
speed, finish bars as fast as a three-high mill, will occupy less space, and
require fewer rolls,

The mill was designed to roll iron girders (known also as “ beams” or
““ jeists *') which-had to be rolled rapidly so as to be finished while still at a
good heat. Ifrolled at as low a heat as that at which steel girders are usually
finished, the layers of iron would open up and separate one from the other.

Fig. 393. —Dowlais or *“ Double Duo” Mill. X, showing the arrangement of rolls;
Y, showing the arrangement of pinions.

A 2i-inch mill of this kind worked for many years at Dowlais running at
over 100 revolutions per minute; it turned out iron girders from 8 to 12
inches deep at a speed of 600 feet per minute, which was a remarkable pe-
formance in those days. For work of this kind the mill has now been super-
geded by the reversing mill, which saves lifting the piece at the rolls, and
enables long lengths to be rolled at such a high speed during the middle
of their run through the rolls, that their mean speed of travel may be high.
For quickly rolling the short lengths, in whivh all material was finished
years ago, 1t is doubtful if anything could compete with the Dowlais mill.

In this mill there are two middle rolls, B C (fig. 393, X), placed side by side,
but not at the same level, the roll, B, which pairs with the top roll, A, being
situated so much higher than C, which pairs with the bottom roll, D, that
bars can pass between A and B without touching C, and between C and D
without touching B. The four rolls are mounted in one pair of housings
and run in the direction indicated by the arrows; the bar enters from the
left between C and D, and returns between A and B, between which it is
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: . . exactly as in a three-high mill. There are no as shown in outline in fig. 393, Y. The crank-shaft of the engine is coupled

o retﬁfnagogg eibﬁe\??tzclfllg i?ls ;hree-high miglls rolling sections, so to the middle pinion E, which gears into pinions C and B, and these in turn
izl::, f}fegsfgﬁrstous in this one pair of housings contain as many available into A and,D respectively. : .
=i . rolls of a three-high mill, which must be carried in two pairs Brown’s Mill, sometimes called the veciprocal mill, also had four
passes as do six 10 itating the transfer of the bar from the first to the second rolls arranged in one pair of housings, and consisted of two pairs of two-high
e necesm}l‘fl %) n be completed. rolls placed close together as in fig. 395. The two pairs of rolls were driven
stand before the r(;tmgb(fi'nq ne lec%ed for many years, has recently been in opposite directions, but every alternate pass in one pair of rolls was made

This design, al 81' Sonnntal %mrks under the name of the ** double duo so much larger than the corresponding pass in the pair beyond, that the
3(1.09,?36‘ mﬁsgvga Onil vodla anid str’ip in long lengths. The cut, fig. 394, ! o bar passed freely through the enlarged pass of the near pair into the
gig’omf ?: wgiskmlégdiﬁiina of a stand of such rolls recently constructed, and grooves in the second pair, where it was reduced in the ordinary way. In

O . . 5 ‘ B = y 1

fig, 503 in Chapter xxxv. shows & complete mill of this type. gfgr (3?;, a shows the forward and b the return pass between the same pair

The arrangement of the driving pinions is seen on the right of fig, 395. -
Each of the lower pinions has two sets of teeth, those on one face being on
a larger circle than those on the other cast with it. The driving shaft is
coupled to the larger end of one pinion, d, the teeth on which gear into similar
teeth on circle ¢ on the other bottom pinion. The teeth on the smaller
circles, e and ¢, gear into teeth, f or &, on the pinion above, each top pinion
having only one set of teeth.

Fig. 395.—Brown’s Reciprocating Mill. Arrangement of Pinions is shown on
right side.

T /):—i—"_'_'_'l =

It will be noticed that the bar does not enter the operative pair of rolls,
e Rolls of a * Double Duo® Mill, with Repeater until after it has passed between the inoperative pair running in the con-
fixed in position. trary direction. The rolls are thus kept close together in one pair of housings,
e Ao with the guards on the outer sides front and back. Were the arrangement
alid reason why large mills should 1o reversed, a displaced guard, or a bar with a split end, which is generall
his princi lg ?xlgt;lqdlof on the three-high plan. I.n‘sorne opened out bvprolliuggmto the form of the lettlf):r Y, or one whichg for an§
syl o rolling girders, for which the mill was originally reason did not leave the rolls straight would be carried into the mill, where
gaS?S—;BOr ;Eit:tifé 0? rsuch roﬁs would ,1‘.)1‘0vide a8 many passes %fi two stands | it would cause much damage to the machinery, and probably injure the
gpagnca = S : aving in tolls, and probably m power men also
ls. with considerable saving in 10Ls, . ] . y ;
of three . 1-(;5 S,fr\‘c\)m one lifting table to another would be avoided. ‘ As the passes were enlarged in each pair of rolls alternately, the engine
ey tflanixif) stands of pinion housings were used. In the stand next ‘ and rolls could be kept running continuously in one direction, and yet the
the(z;;cgr;E: \z'rere two large pinions, the axes of which were in ln}e1 ;\'lglie;]gg bar could be worked both going and coming without having to be lifted from
o5 of rolls D and B, providing for the driving of the bottom roll 0 - the floor. This advantage, however, is purchased at the expense of having
a};;s ¢ In the second stand were two pairs of smaller pinions, whose Tle; to provide and keep in continual motion twice.as many rolls as are needed
E-ert; in line with the axes of the rollls, th;lsuensurlﬂgi:lltlﬂé’;ﬁliOfflzzfe;‘;’ploy 'fgfl}& T;‘I’l‘?fsglg mill, &I;ddom-thlrd ;nore tt])lan afl»re r;qulrjfld ff;n: a gh_ree-hlgh
; SSLe: i it lower fellow. . This has prevented any great number of such mills from being con-
each pair worked in unison ¥ ith its lower i I of one gize, in 0o BAT, iied and p ! y & ; g
the more compact arrangement of five pinions, all of 0 ) ] ructed, and not many are now left at work,

Fig, 8)4,=—Section through th

There does not appear to b
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Lauth’s Mill.—As previously explained, small rolls will draw out a
piece rolled between them mote rapidly than large rolls, and with the ex-
penditure of less power ; but when both pairs are of equal length in the barrel,
it is obvious that the smaller will break with much less load than the larger
ones, and cannof, therefore, be safely serewed down to give the same pressure
on a plate passing through them. Plate mill rolls, therefore, must be made
of considerable diameter if they are to be sufficiently strong to roll plates
of any width with reasonable rapidity and freedom from accidents.

Mr. B. C. Lauth, of Pittsburg, seeing that the smaller roll would do the
work more rapidly, if it only had sufficient strength to withstand the pressure,
devised the arrangement shown in fig. 396. In this mill a roll of small
diameter is used to notch down the plate, this small roll being supported
throughout its entire length by a roll of larger diameter. The small centre
roll is generally about two-thirds the diameter of the top and bottom roll,
which serve alternately to support it against the bending stresses set up in it
by the plate being rolled, and as the strength of the body of two rolls of

gimilar length subjected to transverse load varies directly as the cube of their

Fig. 396.—Lauth’s Mill

respective diameters, the strength of each large roll is about 3§ times that of
the unsupported small roll. Three housing pinions are employed as in an
ordinary three-high mill, the engine being coupled to the middle pinion,
which is usually smaller than the top and bottom ones, and the top and
bottom roll to the top and bottom pinion ; the middle roll, however, 18 not
driven, but runs free in chocks which can play up and down in the housings,
When a plate is to be passed below the centre roll the chocks carrying it are
raised by two hydraulic or steam cylinders, and the piece passes between it
and the bottom roll; when it is to be returned the middle roll is allowed to
fall on to the bottom roll, and the plate passes back between the middle and
the top rolls. The top roll is balanced in the manner customary with all
plate mills, and is screwed down to regulate the thickness in the usual way
after every pass. The drawing shows the method originally employed
for raising and lowering the centre roll. In the most recent mills it 1 per-
formed by admitting and removing Water from cylinders placed below the
housings, similar generally to the balance cylinder shown in fig. 350.

Nearly all the American plate mills (see fig. 493) and a few on the Con-
tinent are constructed on this system, but it has never met with favour
in this country, where the reversing mill is preferred.
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The Universal Mill.—Flat bars generally are rolled in grooves which
gre cut in"the lower roll and closed in by the former on the upper roll. The
width of the bar is determined by the width of the groove, and its thickness
may be varied by the extent to which the upper roll is screwed down. The
cost of preparing special rolls, for every trifling difference in the width of bar
is considerable, and to get over this difficulty the universal mill was con-
structed by Mr. Daelen at Hoerde about 1855. One was exhibited at the
Paris Exhibition of 1867, at which time there were a good many in use on
the Continent. The mill, although having a German origin, is often called
the Belgian mill ; it is chiefly used for producing what may be designated
either wide flats or narrow plates, and is used in America for plate-rolling
but has never met with much favour in this country, where flats up to 18
inches wide are rolled in grooved rolls. 3

The universal mill consists of a pair of crdinary plain cylindrical rolls
mointed in the usual way, and at the back of these a shorter pair of similar
rolls mountﬁd with their axes vertical, so as to compress the ba.lr edoeways at
the same time as the horizontal rolls compress it on the flat (seenﬁy;. 397).

Fig, 397.—The Universal Mill.

The vertical rolls, which are usually somewhat smaller in diameter than the
horizontal rolls, are generally driven from their upper ends by means of mitre
wheels, gearing into other mitres keyed on a shaft crossing the top of the
housings, on the end of which shaft is a spur-wheel, gearing into the upper
pinion in the pinion housings, or with a spur-wheel keyed on it Ori'vilf:ﬁl
the vertical rolls were driven from their bottom ends, but so much' damage wa);
done by scale falling on to the gearing that now they are all driven from the
top. 1t will be seen that by this combination of four rolls any width and
thickness of flat bar, within the compass of the mill, can be rolled with equal
facility. : e
If the piece to be rolled is not entered perfectly square, or if it bears
muph harder_ on one vertical roll than on the other, it will bé curved in the
lmr;zonml direction, and the same thing occurs if the piece is not evenly
heated, the hotter side extending more than the colder, and once bent it ijs
not easy to straighten it. As a piece being rolled increases in length it must
leave the rolls at a higher speed than it enters them, the precisg difference
between the speed of travel at front and back depending upon the amount of
reduction effected in the pass. The speed of the surface of the vertical rolls
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at the back must, therefore, be greater than that of the horizontal rolls
through which the bar has just passed, by an amount depending entirely upon
+he extent to which the top roll is screwed down at each pass. Any deficiency
in the surface speed of the vertical rolls would prevent them from passing on
the bar as fast as they received it, and 1t would then, if thin, accumulate in &
crumpled mass between the pairs of rolls, and be spoiled. To avoid this, the
vertical rolls must always be run somewhat faster than is required theorefi-
cally. As it is impossible to guard against & workman putting on too much
draught at a pass, this speed must in practice be very appreciably in excess
of the correct amount. This involves much slipping of the edges of the bar
on the surface of the vertical rolls, whereby they are rapidly worn out, ab-
sorbing muck power uselessly and causing considerable “ back lash,” which
is very destructive to the gearing. Even if the surface speed of the two sets
of rolls is correctly proportioned when the rolls are new, the relation is
destroyed as they are turned down to correct for wear.

In some mills these defects are partially corrected by placing, somewhere
in the shaft driving the vertical rolls, some kind of friction cluteh, thus trans-
ferring most of the slipping from the rolls to the clutch faces, where it does
Jess harm. In others the vertical rolls are driven by clutches with teeth
which are square on the driving face, but inclined on the other, with the
object of keeping the rolls in motion, and yet permitting them to run with
the plate leaving the mill, should it travel so fast as to overrun the speed at
which the gearing would naturally drive the rolls. One mill at the Bethle-
hem Works has the horizontal rolls, driven by one pair of reversing engines
and the vertical rolls by a second pair of similar engines of less power. Fig.
308 shows a 40-inch reversing mill, as made for the National Tube Company,
of M‘Keesport, Pa, by the Mesta Machinery Company, of Pittsburg, to reduce
56-inch X 30-inch ingots to slabs of any reasonable size down to 14 inches
wide. The steel horizontal rolls are 32 inches diameter by 65 inches long
in the barrels. The housings weigh about 50 tons each, and the rolls are
driven by a pair of 46-inch X 60-inch reversing engines, geared to the mill
with cast-steel wheels, in the ratio of 5 to 7. The vertical rolls are of steel,
99 inches diameter, and are driven by a pair of 36-inch X 48-inch engines.
The vertical housing weigh about 70 tons each, and the gesring is all steel.

To enable the vertical rolls to be driven by mitre wheels of 52 inches
diameter, and yet be able to deal with slabs down to 14 inches wide, without
having to resort to the use of idle rolls between the driven rolls and the slab,
the mitre wheels are placed at different heights, so that they overlap, and
are each driven by an independent shaft.

Both three-high and reversing universal mills have been used, with vertical
rolls on either and on both sides of the horizontal rolls.

The universal mill is not an easy one to work, much gkill being needed on
the part of the man who adjusts the rolls, and it is consequently not in
favour with mill managers in this country, who prefer to roll wide flats of
18 and even 24 inches wide in ordinary grooved rolls. They argue, with some
show of reason, that heavier draughts can be taken in this way, so that the
time saved in rolling more than makes up for any saved in changing rolls,
and say they would rather keep more rolls in stock, than more machinery in
repair. Further, a piece cut across the end of a wide bar does not give as
satisfactory a test as one cut from the end of a plate, and until the West-
minster Engineers relax their requirements in this respect, the owner of a
large universal plate mill would find it difficult to dispose of its product

in this country.
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" Qn the Continent, where orders are received in quantities too small to
justify the cutting of special rolls, the mill is used extensively. There are

Fagh pair of rolls driven by its own engines.

Fig. 398,—Universal Slabbing Mill and Engmne.

¢aid to be between 40 and 50 in the German Empi 26-1
. ebwe d !  Ge mpire A 26-inch three-hi
aniversal mill, in a Continental works, with™a pair of vertical rolls ?nh:;ig
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ill, i i ¢ gag sbrip ” up to 18 inches wide, to be bent
e (gthi}dr:cini’niﬁsot;fﬁ;zga?ﬁhe :%:té of %0 t.op60 tons pex twelve-hour §h111£1t,
e Zvlel[ heated ingots!oi 1 ton weight each, the strip being beautifully
Etsgiggh: and the e;iges quite sharp éﬂ}d }tlrue‘ ‘d];nainéﬁziéltihg]elﬁsi? :gz
s tri : inches wl ally C
o ftgﬁlgezz’dpﬁgs :Eet?aigizita production of 250 tons s ob]tlamedt hpe;
g?fi ?)f twelve hours. The plajﬁ:gs fro&iﬁngﬁiﬁgzﬂ;i %iléag}dror a;) ztw; t
oes straightened by pressing them W g ; :
Egv%eiars which are s'queezei_i- against the flgtgsi lnaltreréllTl}‘;VenStmm, G
Wenstrom’s Mill, which was inven gweéen, LBl e,
| ment of the universal system, but
£ : instead of acting on the flat and
4 edge of the bar alternately, 16
compresses all four surfaces gimul-
taneously, the axes of all four r_olls
being situated in the same vertical
plane. Fig. 399 shows the arrange-
ment of this mill. The roll, JA, can
be adjusted vertically, and the roll,
B, which always Temains on the
same level, is adjusted horizon-
tally ; the vertical roll, C, remains
: a].whys in the same position, j:ouch—
0, B ssrat N ing both rolls, 4 and B, while the

other vertical roll, D, is carried in

: 2 e

a {rame which follows 4 in its vertical adjustment, b\;t ?t sﬁe Eamf:\ ;c e
be moved laterally to follow the end on movement of r i el

= 1 rolls, €, D, never grip the bar alone, there is no necessivy o

G T(c)i t’he’ c.;msequentlv run free, the rolls, 4, B, only being driv v

i, f ghe spur-wheels, E, F. Several of these mills are uie i

gz\ eﬁ]\;:er?ni\r}fere theyP appear to give satisfaction I the rolling of thin bars.

y

Sack’s Mill, patented about 1885 by Mr. Hugo Sack, of Duisburg, 18

's Mi Tig. 401.—Section Rolled
Fig, 400, —Sack’s Mill ig S

i i if | 'm sections, such as the one show ;

g'lﬁenl?li)%nfxoisr;?glgegdcég\?no;o about the section, 4 (ﬁg.’tiOU)_hm %1}‘: eorr((i)lirlzarey

i e 8,100 5035 e

is fixed, while D is adjustable vertically, - |
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thickness and width of the flanges, the intention being to avoid the expense
of cutting fresh rolls to suit variations in the dimensions of rolled joists.
Two stands of rolls are used, one placed directly in front of the other, so that
the girder travels through both stands of rolls at every pass, as in a continuous
mill. Each housing also carries a pair of vertical rolls between the necks of
the horizontal rolls, the axes of all four rolls in a housing being situated in one
vertical plane, as in the two previous mills. In the first stand (fig. 402), the
web of the girder is pressed between the horizontal rolls, 4, B, which deter-
mine its thickness, and the flanges between the ends of the rolls, 4, B, and
the faces of the vertical rolls, ¢/, D, which determine their thickness, but leave
them free to spread to any width, this width being determined by the rolls,
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Fig. 402.—Grey’s Mill,

£, F, in the second stand, which do not touch the web, but act only on the
edges of the flanges, which are held in position, and prevented from thickening
or turning over by the rolls, @, H. Thus the only dimension which is in-
variable is the distance, J. The width of flange, its thickness, and the
thickness of the web are all variable at will, within considerable limits,

This mill can turn out girders with flanges wider and thinner than any
which it is practicable to make in rolls of the usual construction,

The arrangements of the guides, the methods of driving the vertical
tolls, and for securing simultaneous adjustment, are exceedingly ingenious
and complicated, but would require more space to illustrate and describe
than can be spared in the present work. This and Sack’s mill are in use on
the Continent, yet neither have so far been adopted to any great extent;
but girders rolled in the latter are now obtainable up to 291 inches deep
by 12 inches wide on the flanges, while those rolled in the ordinary way
do not exceed 8 inches wide. The proprietors of the mill contemplate
eventually rolling girders as much as 36 inches deep by 12 inches wide.
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